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circuit	boards	 from	mobile	phones	using	ammoniacal	 thiosulphate,	are	shown	 in	 this	
work.	 First,	 cyclic	 voltammetry	 tests	 were	 performed	 to	 determine	 the	 potential	 of	
electrodeposition	 of	 gold	 and	 copper,	 and	 then,	 electrowinning	 tests	 at	 different	
potentials	 for	 checking	 the	 rates	 of	 recovery	 of	 these	 metals	 were	 performed.	 The	
results	of	the	cyclic	voltammetry	show	that	copper	deposition	occurs	at	potentials	more	
negative	 than	−600	mV	 (Ag/AgCl),	whereas	 the	gold	deposition	can	be	performed	at	
potentials	more	positives	than	−600	mV	(Ag/AgCl).	The	results	of	electrowinning	show	














Technological	 developments	 observed	 in	 recent	 years	 have	 made	 electrical	 and	








be	 found	 in	 printed	 circuit	 boards	 of	 computers,	 mobile	 phones,	 smart	 phones,	
televisions,	 and	 cameras,	 among	 other	 products.	 Thus,	 when	 these	 electrical	 and	










phones	 would	 be	 to	 use	 a	 combination	 of	 hydrometallurgical	 techniques	 (metal	
dissolution)	and	electrometallurgical	techniques	(metal	recovery).		
	
In	 the	 conventional	 processes	 for	 gold	 recovery	 by	 the	 hydrometallurgical	 route,	
products	based	on	cyanide	could	be	used	to	extract	the	gold	present	in	electronic	scrap.	
However,	the	cyanide	is	highly	toxic	and,	therefore,	should	be	handled	and	disposed	of	





The	use	of	 thiosulphate	 in	 the	 leaching	of	 gold	ores	has	been	widely	 studied.	 These	
studies	show	that	the	efficiency	of	thiosulphate	as	a	leaching	agent	depends	on	the	type	
of	mineral	to	which	gold	is	associated.	The	results	indicated	that	for	some	types	of	gold	
ores,	 the	 leaching	 rates	 were	 better	 than	 those	 obtained	 in	 the	 conventional	
cyanidation;	 whereas	 for	 other	 types	 of	 gold	 ores,	 the	 leaching	 rates	were	 deemed	
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The	 dissolution	 of	 gold	 by	 thiosulphate	 takes	 place	 by	 the	 formation	 of	 a	 complex	
aurothiosulphate	[Au(S2O3)23-].	 In	addition	to	thiosulphate,	 in	this	process,	copper	 (II)	












The	electrowinning	 is	an	electrochemical	process	of	 the	 recovery	of	metal	 ions	 from	
solution	by	the	application	of	different	potentials	or	current	intensities.	In	this	process,	
the	 ions	 in	 the	solution	will	migrate	to	the	cathode	and	form	a	metallic	deposit.	The	
electrowinning	 is	 employed	 to	 extract	 metals,	 such	 as	 cop-	 per,	 zinc,	 nickel,	 gold,	
manganese,	and	cadmium,	from	their	solutions,	and	various	studies	indicate	that	it	is	an	
process	attractive	both	economically	and	environmentally	 (Carrillo-Abad	et	al.,	2012;	




However,	 researches	 regarding	 the	 recovery	 of	 gold	 from	 ammoniacal	 thiosulphate	
solution	 by	 electrowinning	 show	 con-	 troversial	 results.	 Some	 authors	 consider	 this	
technique	feasible	while	others	disagree.	The	high	copper	concentration	and	reactions	
involving	oxidation	or	reduction	of	thiosulphate	are	considered	the	main	barriers	for	the	
















































In	 this	 study,	 a	 conventional	 three-electrode	 cell	was	 used.	 A	 platinum	 rotating	 disc	
enclosed	in	Teflon	with	a	surface	area	of	0.078	cm2	was	used	as	a	working	electrode.	An	
electrode	 of	 Ag/AgCl	 (in	 saturated	 KCl)	 was	 used	 as	 the	 reference	 electrode,	 and	 a	
platinum	electrode	was	used	as	the	counter	electrode.	
	
Before	 each	 experiment,	 the	 surface	 of	 the	 working	 electrode	 was	 mechanically	
polished	(with	use	of	alumina	powder)	and	rinsed	off	with	distilled	water.	The	solutions	
were	 deoxygenated	 for	 10	 minutes	 with	 ultrapure	 nitrogen.	 The	 atmosphere	 was	




























Preliminary	 leaching	 tests	 carried	 out	 by	 the	 authors	 (Kasper	 et	 al.,	 2011b)	 and	 the	
literature	data	(Chancerel	et	al.,	2009;	Huisman,	2008;	UNEP,	2009,	2013)	show	that	the	













spectrophotometry	 (AAS)	with	 Spectrophotometer	 Perkin-Elmer,	model	 Analyst	 100.	
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Electrolysis Solution composition Potential (mV) Figure 
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depends	 on	 the	 electrodeposition	 potential	 of	 each	 of	 these	 metals.	 Thus,	 if	 the	



















reacts	 with	 ammonium	 and	 forms	 two	 highly	 stable	 complexes:	 the	 cupric	 ammine	
complex	 [Cu(NH3)42+,	 Cu(NH3)52+,	 Cu(NH3)32+]	 and	 the	 cuprous	 ammine	 complex	
[Cu(NH3)2+].	Peak	A	at	−450	mV	(vs	Ag/AgCl)	corresponds	to	a	reduction	of	Cu(II)/Cu(I),	





of	 Cu(II)	 decreases	 in	 an	 ammoniacal	 medium.	 This	 decreases	 the	 concentration	 of	














































Figure	 4	 shows	 a	 comparison	 between	 a	 solution	 of	 thiosulphate	 in	 an	 ammoniacal	
medium	 containing	 only	 copper	 and	 a	 solution	 of	 thiosulphate	 in	 an	 ammoniacal	
medium	containing	copper	and	gold.	
	
In	 the	 voltammogram	 obtained	 from	 the	 solution	 containing	 copper	 and	 gold,	 two	
reduction	peaks	are	observed.	The	 first	peak,	peak	G,	at	approximately	−630	mV	 (vs	
Ag/AgCl),	 corresponds	 to	 the	 reduction	of	Cu(I)/Cu(0),	and	 the	 second	peak,	peak	H,	
corresponds	 to	 the	peak	 reduction	of	Au(I)/Au(0),	which	now	appears	 shifted	 in	 the	













































the	 layer	 deposited	 at	 the	 cathode	 and	 consequent	 redissolution	 of	 the	 copper.	
However,	at	−700	mV	(vs	Ag/AgCl),	the	rate	of	the	copper	recovery	reached	99%	in	270	
minutes.	In	this	cathodic	potential,	the	reaction	of	electrowinning	was	slower,	but	the	




In	 Figure	 7,	 the	 variation	 of	 the	 current	with	 time	 is	 shown	 for	 each	 of	 the	 applied	
potentials.	As	shown,	for	any	of	the	potentials	applied,	the	current	decreases	with	time	
owing	 to	 the	 exhaustion	 of	 gold	 and	 copper	 ions	 in	 the	 solution.	 Further,	 the	more	

















Figure	 9	 shows	 the	 evolution	 of	 current	 over	 time	 for	 a	 potential	 of	 −500	 mV	 (vs	
Ag/AgCl).	It	can	be	verified	that	the	presence	of	copper	makes	the	current	much	higher,	
probably	 owing	 to	 the	 copper	 favouring	 the	 hydrogen	 evolution	 reaction	 (Bard	 and	
Faulkner,	 2001).	 This	 results	 in	 the	 electrical	 performance	 being	much	 lower	 in	 the	
presence	of	copper,	as	shown	in	Figure	10,	where	the	evolution	of	the	current	efficiency	






where	 φ	 is	 the	 current	 efficiency,	 V	 is	 the	 reaction	 volume,	 C0	 is	 the	 initial	 gold	
concentration,	 C(t)	 is	 the	 gold	 concentration	 at	 time	 t,	 n	 is	 the	number	of	 electrons	





gold	 recovered	 at	 −400	mV	 (vs	 Ag/AgCl)	was	 about	 60%	 in	 300	minutes.	During	 the	
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